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We studied the contribution of multiple cues to ﬁgure–ground segregation. Convexity, symmetry, and
top-down polarity (henceforth called wide base) were used as cues. Single-cue displays as well as ambig-
uous stimulus patterns containing two or three cues were presented. Error rate (deﬁned by responses to
uncued stimuli) and reaction time were used to quantify the ﬁgural strength of a given cue. In the ﬁrst
experiment, observers were asked to report which of two regions, left or right, appeared as foreground
ﬁgure. Error rate did not beneﬁt from adding additional cues if convexity was present, suggesting that
responses were based on convexity as the predominant ﬁgural determinant. However, reaction time
became shorter with additional cues even if convexity was present. For example, when symmetry and
wide base were added, ﬁgure–ground segregation was facilitated. In a second experiment, stimulus pat-
terns were exposed for 150 ms to rule out eye movements. Results were similar to those found in the ﬁrst
experiment. Both experiments suggest that under the conditions of our experiment ﬁgure–ground segre-
gation is perceived more readily, when several cues cooperate in deﬁning the ﬁgure.
 2012 Elsevier Ltd. All rights reserved.1. Introduction
In everyday scenes, multiple objects are viewed by observers
and relevant information might be thought to be hard to extract
because of object overlap and occlusion. Here, ﬁgure–ground seg-
regation comes to help as an important mechanism by which the
visual system organizes a visual scene through labeling some re-
gions as foreground ﬁgures (e.g., salient shapes) and others as
background. Gestalt psychologists were the ﬁrst to recognize the
importance of ﬁgure–ground assignment. Rubin (1915, 1921, rep-
rinted in 2001) stated that ﬁgures have object character, possess
a shape (often symmetrical), are surrounded by a boundary (usu-
ally unilateral) and are more salient than the ground (which they
occlude). They are also perceived as being closer to the viewer.
The ground is characterized by the opposite features. The ﬁgure–
ground process plays a central role in visual perception by reduc-
ing visual scene complexity and enhancing crucial information,
so that observers recognize and act upon ﬁgures and not
backgrounds.
Several cues have been proposed to affect ﬁgure–ground assign-
ment. These cues enable us to predict which region is likely to at-
tain the status of ﬁgure. They include convexity, symmetry, small
area, and closure. For example, a small region possessing one of
these cues will likely be perceived as ﬁgure rather than ground,
the latter being reserved for the region that seemingly passesll rights reserved.
k).behind the ﬁgure. Recent research has added a number of cues to
this list that are characterized by the following features: high vs.
low spatial frequency (Klymenko & Weisstein, 1986), ﬂicker vs.
non-ﬂicker (Wong & Weisstein, 1984), wide base vs. narrow top
as compared to its converse (Hulleman & Humphreys, 2004a,
2004b), lower vs. upper region (Vecera, 2004; Vecera, Vogel, &
Woodman, 2002), shading or texture gradient vs. uniform surface
(Palmer & Ghose, 2008). Moreover, observers are more likely to
perceive a familiar ﬁgure than an unfamiliar one (Peterson, 1994;
Peterson & Gibson, 1994). In addition, context has been shown to
inﬂuence ﬁgure–ground assignment. For example, Peterson and
Salvagio (2008) presented displays with concave and convex re-
gions side-by-side that contained two, four, six or eight regions.
In such stimulus patterns convex regions were preferably seen as
ﬁgures when the number of regions increased.
In a natural scene, different cues occurring together typically
bias ﬁgure–ground segregation. Kaniza (1979) and Kanisza and
Gerbino (1976) studied various ﬁgure–ground cues by pitting them
against one another. In this study we asked how adding one or
more cues to a pattern containing a given ﬁgure–ground cue might
inﬂuence observer responses. We hypothesized that the reaction
time to ﬁgures would be shorter when several cues cooperate in
deﬁning the ﬁgure. Moreover, subjects would be expected to more
reliably perceive the ﬁgure (i.e., fewer errors) when the number of
cues deﬁning a given region increases. To this extent, we per-
formed two experiments designed to investigate the consequences
of adding cues to ﬁgure–ground assignment. Convexity, symmetry,
and wide base were used as cues. Single-cue displays as well as
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Examples are shown in Fig. 1.
The task in the ﬁrst experiment was to report, which regions
were perceived as foreground ﬁgure. In a second experiment the
same stimulus patterns were presented for only 150 ms. This short
exposure time was chosen to minimize the effect of eye move-
ments. Results were expected to provide a quantitative measure
of the relative strength of one as compared to several cues in ﬁg-
ure–ground segregation.2. Experiment 1
2.1. Observers
Thirty-two observers were recruited (psychology students from
the University of Rennes) receiving course credit for their time.
Observers ranged in age between 19 and 25 years. All had normal
or corrected-to-normal vision, and they were naïve to the purpose
of the experiment. Experiments were performed in accordance
with the principles of the Declaration of Helsinki for the protection
of human subjects.2.2. Apparatus
A PC was used for the presentation of the stimuli on a 17 in. CRT
monitor, in 800  600 graphics mode. The experimental software
was written with E-Prime 2. Observers viewed the screenFig. 1. Examples of stimuli used for ﬁgure–ground assignment. Here, the black regions
presented on the top: (a) convexity (b) symmetry, and (c) wide base. Stimuli combining
wide base, and (f) symmetry and wide base. A pattern representing three cues is presenbinocularly from a distance of 180 cm with the head stabilized
by a chin-rest.
2.3. Stimuli
Observers viewed ﬁgure–ground displays that contained two
abutting regions similar to those shown in Fig. 1. Figures character-
ized by convexity, symmetry, and wide base were presented as
individual cue displays. These cues were also combined to create
stimulus patterns containing more than one cue. There were three
combinations consisting of two cues: convexity and symmetry,
convexity and wide base, symmetry and wide base; additionally,
there was one condition using three cues, convexity, symmetry,
and wide base. Therefore, there was a total of seven cue conditions.
For each condition, there were ﬁve different stimulus patterns.
Each of these patterns was presented in four different versions,
thus for each one of the seven experimental conditions, 20 differ-
ent stimuli were used. In each stimulus pattern the regions on
the right and left side were exchanged. Thereby, the same region
appeared equally often on either side of the display. In addition,
the contrast polarity of each of these ﬂipped versions was ran-
domly varied, resulting in 10 black/white and 10 white/black pair-
ings. Altogether, observers viewed a total of 140 patterns on a
medium gray background. The displays were created such that
the two stimulus areas on either side of the central contour were
approximately equal. The order of the displays was chosen ran-
domly. The displays measured 5.44 on the horizontal axis and
6.02 on the vertical axis and were centered relative to the screen.are usually seen as foreground ﬁgures. Pattern displays containing a single cue are
two cues are shown in the middle: (d) convexity and symmetry (e) convexity and
ted on the bottom: (g) convexity, symmetry and wide base.
Fig. 2. Results of Experiment 1. Top panel: error proportions for the ﬁgures
depicted in Fig. 1. Bottom panel: reaction times. Error bars are ±1 SEM.
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Prior to the experiment, observers were dark-adapted for 3 min.
They were then asked to report which of the two regions of a given
pattern appeared as the foreground ﬁgure. There was an initial
practice block of 20 trials. The experimental session started, when
the observers felt at ease with the task, otherwise they went
through another practice session. At the start, a ﬁxation cross
was shown in the middle of the screen for 300 ms. When it disap-
peared, the stimulus pattern was presented until the observer re-
sponded or until 15 s had elapsed. Following the response, there
was a pause of 1 s before a new trial started. Observers were in-
structed to look at the center of the screen and tap the ‘‘A’’ or ‘‘P’’
keys on a standard French keyboard as quickly as possible, depend-
ing on the side on which the foreground ﬁgure was seen.
2.5. Results
Fig. 2 shows the error rate (top) and reaction time (bottom) as
derived from the overall responses. An error was deﬁned by choos-
ing a ﬁgural assignment that was inconsistent with a given cue. For
example, if an observer chose the concave region as ﬁgure in a pat-
tern containing the convex cue (Fig. 1a), then it was considered an
error. Responses greater or lesser than 2.0 SDs from each observer’s
mean were eliminated. This resulted in a rejection of 5% of the
data. The error analysis was performed on all of the remaining tri-
als, whereas the reaction-time analysis was based only on correct
trials.
Mean proportions of the responses referring to the side with no
ﬁgural cue (i.e., errors) were 0.02 for convexity, 0.13 for symmetry,
0.16 for wide base, 0.038 for convexity and symmetry, 0.038 for
convexity and wide base, 0.16 for symmetry and wide base, and
0.08 for the three cues combined. Tested binomially, all error rates
differ signiﬁcantly from 50% (all p’s < 0.0001).
Error rates were subjected to a repeated-measures ANOVA. Er-
ror analysis of combined cue (one cue  two cues  three cues)
yielded a signiﬁcant effect, F(2,93) = 36.62, p < .0001, showing that
error rate decreased with multiple cues. We next asked whether
the error rate would decrease when one or two cues were added
to a display that already contained a given cue. For example, when
a pattern had ‘‘convexity’’ as a cue, we compared it with patterns to
which either ‘‘symmetry’’ or ‘‘wide base’’ had been added, and also
with a pattern in which all three kinds of cues had been combined.
The same was done with symmetry and wide base. The statistical
results for these comparisons appear in Table 1. Analysis of vari-
ance yielded signiﬁcant effects only for certain conditions. Speciﬁ-
cally, the error rate for symmetry and wide base was much
reduced when convexity was added as a cue, but this reduced error
rate was higher than the error rate for convexity alone. It therefore
seems that adding a second cue does not facilitate ﬁgure–ground
segregation when convexity is already present in the stimulus pat-
tern. On the other hand, adding two cues yields true facilitation
(last column in Fig. 2, top).
A repeated-measures ANOVA on error analysis indicated that
patterns containing convexity as a cue had a lower error rate than
patterns in which this cue was not present (Table 2). In this table,
each line represents the comparison between patterns with the
convexity cue and patterns without the convexity cue. (All
p-values are smaller than 0.0001.) None of the other effects was
signiﬁcant (p’s > 0.21). These results indicate that observers had a
strong preference for convexity as a ﬁgural determinant.
Next, mean reaction times for the seven different conditions are
shown in Fig. 2 (bottom panel). These data were subjected to anal-
yses of variance (ANOVA).
The results based on the presence of a single-cue indicate that
targets with the convexity cue (1011 ms) were chosen faster thanwere those with symmetry (1385 ms) or wide base (1352 ms),
F(1,62) = 18.71, p < .00005, and F(1,62) = 13.57, p < .0005, respec-
tively. Our analysis did not reveal any statistically signiﬁcant effect
between symmetry and wide base (F(1,62) = 0.11, ns).
Reaction time decreased when one or more cues were added to
the stimulus pattern. A repeated-measures ANOVA (one cue  two
cues  three cues) of the reaction time data yielded a signiﬁcant ef-
fect, F(2,93) = 19.23; p < .0001. We next asked whether reaction
time would decrease when one or two cues were added to a pat-
tern containing a single cue. The results of these comparisons are
shown in Table 3. Analysis indicated a signiﬁcant effect for all con-
ditions. These ﬁndings suggest that adding one or two cues de-
creased the reaction time for ﬁgure–ground assignment.
In addition, a separate ANOVA was done to compare the condi-
tions between one and two cues. When symmetry was added to
convexity, reaction time was shorter (878 ms) than for convexity
alone (1011 ms), F(1,62) = 4.02, p < .0493, and symmetry alone
(1386 ms), F(1,62) = 42.06, p < .0001. Likewise, when convexity
was combined with wide base (898 ms), reaction time was shorter
Table 1
Summary of ANOVA on error rate of multiple cues in Experiment 1.
Effect Error proportion
F(2,93) p
Convexity  convexity and symmetry  convexity and symmetry and wide base 2.21 <0.116
Convexity  convexity and wide base  convexity and symmetry and wide base 2.28 <0.108
Symmetry  convexity and symmetry  convexity and symmetry and wide base 19.81 <0.0001
Symmetry  symmetry and wide base  convexity and symmetry and wide base 23.55 <0.0001
Wide base  symmetry and wide base  convexity and symmetry and wide base 26.01 <0.0001
Wide base  convexity and wide base  convexity and symmetry and wide base 30.01 <0.0001
Table 2
Summary of ANOVA on error rate in Experiment 1. Comparison between patterns containing convexity and patterns that do not have this cue.
Effect Error proportion
F(1,62) p
Convexity  symmetry 23.11 <0.0001
Convexity wide base 34.47 <0.0001
Convexity  symmetry and wide base 37.93 <0.0001
Convexity and symmetry  symmetry 14.18 <0.0004
Convexity and symmetry wide base 23.31 <0.0001
Convexity and symmetry  symmetry and wide base 25.79 <0.0001
Convexity and wide base  symmetry 14.43 <0.0003
Convexity and wide base wide base 23.68 <0.0001
Convexity and wide base  symmetry and wide base 26.21 <0.0001
Convexity and symmetry and wide base  symmetry 35 <0.0001
Convexity and symmetry and wide base wide base 48.72 <0.0001
Convexity and symmetry and wide base  symmetry and wide base 53.61 <0.0001
Table 3
Summary of ANOVA on reaction time in Experiment 1.
Effect Reaction time
F(2,93) p
Convexity  convexity and symmetry  convexity and
symmetry and wide base
4.52 <0.0133
Convexity  convexity and wide base  convexity and
symmetry and wide base
3.76 <0.0268
Symmetry  convexity and symmetry  convexity and
symmetry and wide base
32.68 <0.0001
Symmetry  symmetry and wide base  convexity and
symmetry and wide base
26.42 <0.0001
Wide base  symmetry and wide base  convexity and
symmetry and wide base
21.13 <0.0001
Wide base  convexity and wide base  convexity and
symmetry and wide base
24.98 <0.0001
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F(1,62) = 25.38, p < .0001. On the other hand reaction time for con-
vexity and wide base (898 ms) did not differ signiﬁcantly from
convexity alone (1011 ms) F(1,62) = 2.39, ns. Yet, there was a sig-
niﬁcant reduction when wide base was combined with symmetry.
The response to these two cues combined (1160 ms) was faster
than to either symmetry (1386 ms), F(1,62) = 6.09, p < .01, or wide
base (1352.21 ms), F(1,62) = 4.37, p < .0408. For all other effects,
p-values were higher than 0.1.
Fig. 2 (bottom panel) shows that the response to patterns
containing three cues was signiﬁcantly shorter (825 ms) than the
reaction times measured when each cue was presented by itself.
This ﬁnding was supported by a separate ANOVA as follows: con-
vexity (1011 ms), F(1,62) = 7.06, p < .0077; symmetry (1386 ms),
F(1,62) = 50.21, p < .0001; and wide base (1352 ms), F(1,62) =
37.89, p < .0001.
3. Experiment 2
3.1. Observers
Thirty-four new observers ranging from 19 to 25 years in age
were recruited in the second experiment again in return for course
credit. All had normal visual acuity and all were naive regarding
the purpose of the experiment.
3.2. Apparatus
The same apparatus as in Experiment 1 was used.
3.3. Stimuli
The stimuli were identical to those used in Experiment 1.
3.4. Procedure
Experiment 2 is depicted in Fig. 3, which shows the order and
duration of each event in a trial. Trials adhered to the sameregimen as before, except that stimuli were presented for 150 ms
only, followed by a large blank ﬁeld to discourage afterimages. This
ﬁeld stayed on for 15 s during which time subjects were expected
to respond as quickly as possible. After the response, there was an
interval of 1 s before a new trial would start as in the previous
experiment. The remaining procedure was identical to the one
used in Experiment 1.3.5. Results
For each condition, any reaction times larger than 2.0 SDs from
each observer’s mean were excluded from our analyses as before.
This procedure resulted in the elimination of 4.6% of the data.
The error analysis was performed on all the remaining trials.
Tested binomially, all error rates differ signiﬁcantly from 50% (all
p’s < 0.0001). Trials on which errors were made were excluded
before the reaction time data were analyzed. Mean proportion of
errors and mean correct reaction times for the seven different
conditions are shown in Fig. 4.
Error rates recorded for all stimulus displays were analyzed by
an analysis of variance (ANOVA). We ﬁrst considered whether the
Time 
Fixation point 
300 ms 
Pattern display 
150 ms 
Response 
(maximum 15000 ms) 
Blank 
1000 ms 
Fig. 3. Sequence of displays in Experiment 2. After the presentation of a ﬁxation
cross, the ﬁgure–ground pattern was presented for 150 ms. Then, a large blank ﬁeld
remained visible until the observer responded, or until 15 s had elapsed. A blank
interval was displayed for 1 s before the next trial started.
Fig. 4. Results of Experiment 2. Top panel: error proportions for the ﬁgures
depicted in Fig. 1. Bottom panel: reaction times. Error bars are ±1 SEM.
Table 4
Summary of ANOVA on error rate of combined cues in Experiment 2.
Effect Error proportion
F(2,99) p
Convexity  convexity and symmetry  convexity and
symmetry and wide base
0.78 <0.46
Convexity  convexity and wide base  convexity and
symmetry and wide base
0.62 <0.54
Symmetry  convexity and symmetry  convexity and
symmetry and wide base
35.22 <0.0001
Symmetry  symmetry and wide base  convexity and
symmetry and wide base
19.31 <0.0001
Wide base  symmetry and wide base  convexity and
symmetry and wide base
18.01 <0.0001
Wide base  convexity and wide base  convexity and
symmetry and wide base
31.69 <0.0001
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stimulus already containing a single cue. Results are shown in
Table 4. Data were similar to those described in Experiment 1,
showing little or no decrease. These results again suggest that
ﬁgure–ground segregation is not improved as the number of cues
increased when convexity is present in the stimulus pattern.
A separate ANOVA was done to compare the results obtained for
all patterns including the convexity cue with the stimulus patterns
in which this cue was not present. Table 5 shows the ANOVA on
error proportion. Results show that observers chose patterns with
convexity as a ﬁgural cue more often than patterns with other
cues. These results were similar to those found in Experiment 1,
conﬁrming that convexity is a predominant cue. None of the other
main effects was signiﬁcant (p’s > 0.2).
Next reaction times were subjected to a repeated-measures
ANOVA. Fig. 4 (bottom panel) shows average reaction times for
the various cues displayed. Analysis of variance performed on reac-
tion time based on single-cue indicated that convex patterns
(543 ms) were chosen faster than symmetrical ones (683 ms),
F(1,66) = 12.72, p < .0007, or wide base (668 ms), F(1,66) = 11.21,
p < .0013. There was no statistical difference between symmetry
and wide base (F(1,66) = 0.13, ns). This result conﬁrmed the prefer-
ence for the convexity cue.
Overall, there was a signiﬁcant effect of combined cue (one
cue  two cues  three cues), F(2,99) = 21.79, p < .0001, indicating
that reaction time decreased with multiple cues. As can be seen in
Table 6, the pattern of results obtained in Experiment 2 was not
much different from the pattern obtained in Experiment 1. Analy-
sis of variance indicated a signiﬁcant effect for all conditions. The
results show that reaction time for a given pattern to be perceived
as a ﬁgure was consistently less when other cues were added.
A separate ANOVA was performed to compare results obtained
with one and two cues. Analysis on reaction time revealed a signif-
icant effect of the convexity cue when it was combined with sym-
metry, F(1,66) = 20.33, p < .0001, indicating that observers were
faster on trials when convexity was added to symmetry (514 ms)
compared to symmetry tested alone (683 ms); but conversely
there was no advantage of adding symmetry to convexity com-
pared to convexity alone, F(1,66) = 0.86, ns. Wide base was also af-
fected by the convexity cue. Observers were faster in choosing
ﬁgures characterized by convexity and wide base combined
(512.63 ms) than wide base alone (668 ms), F(1,66) = 18.09,
Table 5
Summary of ANOVA on error rates in Experiment 2. Comparison between patterns
containing convexity and patterns that do not have this cue.
Effect Error proportion
F(1,66) p
Convexity  symmetry 33.15 <0.0001
Convexity wide base 29.76 <0.0001
Convexity  symmetry and wide base 37.77 <0.0001
Convexity and symmetry  symmetry 40.17 <0.0001
Convexity and symmetry wide base 35.61 <0.0001
Convexity and symmetry  symmetry and wide base 46.64 <0.0001
Convexity and wide base  symmetry 39.95 <0.0001
Convexity and wide base wide base 35.35 <0.0001
Convexity and wide base  symmetry and wide base 46.5 <0.0001
Convexity and symmetry and wide base  symmetry 34.66 <0.0001
Convexity and symmetry and wide base wide base 31.04 <0.0001
Convexity and symmetry and wide base  symmetry and
wide base
39.63 <0.0001
Table 6
Summary of ANOVA on reaction time in Experiment 2.
Effect Reaction time
F(2,99) p
Convexity  convexity and symmetry  convexity and
symmetry and wide base
7.27 <0.011
Convexity  convexity and wide base  convexity and
symmetry and wide base
7.07 <0.0013
Symmetry  convexity and symmetry  convexity and
symmetry and wide base
27.88 <0.0001
Symmetry  symmetry and wide base  convexity and
symmetry and wide base
24.31 <0.0001
Wide base  symmetry and wide base  convexity and
symmetry and wide base
23.45 <0.0001
Wide base  convexity and wide base  convexity and
symmetry and wide base
26.34 <0.0001
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reveal a signiﬁcant effect for convexity, F(1,66) = 0.94, ns. There
was an effect when wide base was combined with symmetry. Thus,
responses to displays with symmetry and wide base combined
(575.31 ms) were faster than responses to displays with symmetry,
F(1,66) = 7.32, p < .0087, or wide base alone F(1,66) = 5.98,
p < .0172. For all other effects, p-values were higher than 0.1.
Finally, we compared, in a separate ANOVA, the results for one
cue with those for three cues. Reaction times were faster for dis-
plays with three cues than for those containing either convexity,
F(1,66) = 13.34, p < .0005, symmetry, F(1,66) = 47.12, p < .00001,
or wide base, F(1,66) = 46.92, p < .0001, displayed as a single-cue
alone.4. Discussion
Experiments were designed to test whether multiple cues facil-
itate ﬁgure–ground assignment relative to one cue presented in
isolation. Figure–ground displays were presented with one, two,
or three cues. Observers reported whether the foreground ﬁgure
was present on the right or on the left side. The results provide evi-
dence that several cues cooperate in determining ﬁgure–ground
segregation. Reaction times were shorter when stimulus patterns
containing two or three cues were added. However, error rate
did not behave in the same way. When the convexity cue was pres-
ent in the displays, adding other cues reduced the number or errors
only under certain conditions, suggesting that responses were
based predominately on convexity as a ﬁgural determinant, in
the way of a winner ‘‘take-it-all’’ strategy.It is conceivable that the dominance of the convexity cue fol-
lows from the way the stimuli were designed. Indeed, the outside
edge of a convex display by itself could have been sufﬁcient to
determine which area was convex. In a control experiment, we
therefore modeled the stimuli according to the 4-region displays
shown in Fig. 2 of Peterson and Salvagio (2008). Speciﬁcally, we
used a display characterized by convexity as an individual cue
and compared it to displays containing three cues as used in the
present experiment. An example is displayed in Fig. 5. The appara-
tus and task were identical. Ten new observers participated in this
experiment.
Results were similar to those described in Experiment 1. The
percentages of the responses referring to the side with no ﬁgural
cue were 4% for convexity and 1.5% for the three cues combined
as compared to 2% for convexity and 0.8% for three cues combined
in Experiment 1. Reaction times were faster for displays with three
cues (765.6 ms) than for those containing convexity alone
(1013.4 ms), F(1,18) = 7.23, p < .015. We thus conclude that the re-
sults obtained in Experiment 1 are not due merely to the outside
edges.
Further, the results obtained in Experiment 1 cannot be attrib-
uted to within-trial eye movements. In Experiment 2, the results
were similar when eye movements were ruled out by a short expo-
sure duration.
Objects in real-world scenes contain multiple ﬁgure–ground
cues. Our study combined different cues for determining ﬁgure
and ground, but selected arbitrary parameters for curvature and
size and kept them constant throughout. To be more representa-
tive, the use of a wide range of parameters for all three cues might
have been advisable (Hoffman & Singh, 1997). There are few quan-
titative studies of ﬁgure–ground assignment (e.g., Baylis & Driver,
1995), showing how different cues combine or compete with each
other. Under the conditions of our experiment, convexity domi-
nated, while symmetry and wide base contributed little. If convex-
ity had been systematically manipulated, its salience relative to the
other two cues might have been less and the addition of symmetry
and wide base might have yielded a stronger effect. Such an exper-
iment remains to be done.
Results on adding ﬁgural cues are consistent with earlier work
on ﬁgure–ground assignment. For example, the inﬂuence of
convexity was compared with that of symmetry by Kanisza and
Gerbino (1976) and Kaniza (1979). These authors used abstract
shapes that were vertically oriented. Thus, all regions were
symmetrical, but one region was convex alternating with another
one that was concave. Subjects reported whether they perceived
the white ﬁgure on a black background or the converse. The
authors demonstrated that convex regions rather than concave
regions tended to be seen as ﬁgures.
The effect of wide base in relation to symmetry was also studied
by Hulleman and Humphreys (2004b). These authors presented a
symmetrical vs. an asymmetrical pattern with a wide base or wide
top. Observers reported whether or not the pattern was symmetri-
cal. Results showed that symmetry judgments were faster when
pattern displays had a wide base rather than a wide top.
Our data are compatible with the model developed by Peterson
et al. (2000) (see also Peterson (2003) for a discussion). To account
for ﬁgure–ground segregation, these authors proposed a parallel
interactive model of conﬁgural analysis (PIMOCA). In this model,
an edge detected in the visual scene is evaluated simultaneously
with respect to both sides. Cues on the same side of an edge are as-
sumed to cooperate, while cues on the opposite side of an edge
compete with each other. The model posits that, as the number
of cooperative cues on one side increases, inhibition increases on
the other side of the edge. As a consequence, the perceived shape
will emerge on the more strongly cued side of the edge (e.g., the
side with no inhibition). According to this model, all cues and their
Fig. 5. Examples of stimuli used for ﬁgure–ground assignment in a control experiment. Displays were presented on a gray frame. A pattern containing the convexity cue is
presented on the left side (a), and a pattern containing all three cues (convexity, symmetry and wide base) is shown on the right side (b).
F. Devinck, L. Spillmann /Vision Research 77 (2013) 51–58 57antagonists are necessary to deﬁne a shape such as convexity vs.
concavity, wide base vs. wide top, symmetry vs. asymmetry, and
so on. Here, the model takes into account that ﬁgures have a shape,
whereas the ground appears to be shapeless. Note that this model
is similar to other competitive models (Kienker et al., 1986; Vecera
& O’Reilly, 1998), but it includes experience from familiar ﬁgures.
There is some behavioral evidence showing that competition does
occur (Peterson & Enns, 2005; Peterson & Lampignano, 2003). Our
data suggest that by increasing the number of cues for the same
shape renders the cooperation between cues more effective and
thus diminishes the reaction time. On the other hand, our error
rate analysis (Tables 1 and 4) shows that the three kinds of cues
have a different salience, with convexity being the strongest of
the three. Thus, a model such as PIMOCA would have to be ex-
tended by taking the different weights of ﬁgural cues into consid-
eration. Experimental studies using quantitative measurements for
cues that are in conﬂict are needed to determine these weights.
Such conﬂicting displays will help to better understand the relative
contribution of each cue.
It is well known that the assignment of border ownership is the
ﬁrst process leading to ﬁgure–ground segregation. This statement
implies that a contour separating two regions is perceived as
belonging to one or to the other side, but not to both. For example,
in Rubin’s well-known ambiguous ﬁgure the borders are perceived
either as belonging to the vase or the two faces. Evidence from
neurophysiological studies suggests that cortical cells in area V2
(and to a lesser degree in V1) are sensitive to border ownership
(Qiu & von der Heydt, 2005; von der Heydt, Zhou, & Friedman,
2003; Zhou, Friedman, & von der Heydt, 2000). These cells respond
selectively to a contour that deﬁnes the ﬁgure, not the ground. For
example, cells responded to a light–dark border if it belonged to a
square, but not to the same contrast border if it delineated the
ground. Our data show that ﬁgure–ground processing is more
effective with additional cues (i.e., shorter RT), although this
advantage is not consistently reﬂected in the error rate. This begs
the question of how relatively small receptive ﬁelds can account
for this observation. Populations of synergistically interacting neu-
rons whose receptive ﬁelds occupy a larger region on the retina
may better explain the results. Indeed, Zhou, Friedman, and von
der Heydt (2000) suggested that feedback from cells with larger
receptive ﬁelds in higher visual areas onto cells in lower areas
may facilitate stimulus processing. This is compatible with previ-
ous neurophysiological studies in ﬁgure–ground assignment.
Baylis and Driver (2001) showed that single neurons in the inferior
temporal cortex of awake monkeys exhibit ﬁgure-priming effects,
but not ground-priming effects. Taken together, these ﬁndings sug-
gest that the resulting assignment of ﬁgure and ground involve
neural computations in early and high level visual areas for the
exploitation of different ﬁgure–ground cues.Acknowledgments
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